###### Strengths and limitations of this study

-   This cohort study examined the incidence of depression and associated factors among elderly persons from Iitate village after the March 2011 earthquake.

-   The study used data collected before and after the disaster forced the whole village to evacuate, and the response rate was high owing to the participation of the local municipality. Therefore, the data are likely to reflect the characteristics of the affected areas and can be used in designing future victim support programme in the event of a future radiation disaster in another region.

-   However, because the first survey was designed by the local municipality, it did not include sufficient variables related to depression.

Background {#s1}
==========

The Great East Japan Earthquake of 11 March 2011 brought about enormous human and material damage due to the earthquake itself, the resulting tsunami and the accident at the Fukushima No. 1 Nuclear Power Plant. Most of the damage was centred in Iwate, Miyagi and Fukushima Prefectures. Reported health effects included external wounds, circulatory diseases, pneumonia, psychological stress and cognitive function decline.[@R1] The mid-term and long-term impacts have hindered daily life activities and potentially increased the number of elderly persons who require special care[@R2]: the proportion of persons in need of long-term care in the year following the earthquake increased by 7.1% in the coastal regions of affected prefectures, compared with 3.7% in the interior regions of affected prefectures and 2.8% in unaffected prefectures.[@R5]

Postdisaster depression {#s1a}
-----------------------

Mental health effects were the most prominent public health consequence of the 1986 Chernobyl accident.[@R6] The main effects were depression, anxiety, post-traumatic stress disorder, general distress and medically unexplained somatic symptoms.[@R7] Overall, excess psychological morbidity in the first year after a disaster is around 20%.[@R8] In general, the most important risk factors affecting mental health after disasters are the severity or scale of the disaster itself, personal vulnerability factors, and the degree of chaos and hardship after the disaster.[@R9] Other possible vulnerability factors include female gender, low socioeconomic status, experience of severe disaster damage, major housing damage, poor social support, physical injury, history of mental illness, traumatic experience and proximity to the disaster site.[@R10] The proportion of individuals with psychological distress after the disaster was far greater in a Fukushima health management survey (14.6%) than in other areas affected by the earthquake and tsunami (6.2%) or in the Japanese population under normal circumstances (4.2%--4.4%)%).[@R11]

Previous studies in the aftermath of disasters have demonstrated relationships between displacement and type of evacuation.[@R15] They suggest that adverse psychological outcomes differ depending on the postdisaster housing experience, including geographic distance from the predisaster community, type of postdisaster housing, number of postdisaster moves and time spent in temporary housing.

Depression among elderly persons {#s1b}
--------------------------------

Elderly persons frequently experience significant life events, including decline in physical function, health problems accompanying disease, changes in social responsibilities due to retirement from employment, loss from death of familiar persons and removal from familiar environments to live in care. These experiences may increase anxiety and loneliness or lead to depression or self-isolation. Non-Japanese research has linked insufficient social support with increased risk of death, poorer physical health and increased risk of depression,[@R16] while Japanese research has linked it with depression among elderly people.[@R18] Throughout the broad disaster regions affected by the March 2011 earthquake, many elderly people have experienced profound changes in their living environments, including separation from family and loss of work, and do not receive adequate social support.[@R19] The disruption of social relationships among victims due to a disaster can exacerbate secondary traumas.[@R20] Elderly persons who experienced the March 2011 disaster may therefore face a higher risk of depression than younger persons.

The situation in Iitate village {#s1c}
-------------------------------

Iitate village, the subject of our study, was not directly affected by the earthquake, but the entire village was ordered to evacuate owing to contamination. In a 2012 survey, 65% of households reported that family members were living in two or more locations, and 23.4% that members were living in three or more locations.[@R21] The local municipality considered evacuating the community to a single site, but resettlement had to meet villagers' needs of employment, schooling or avoiding restrictions on their living environment. As a result of dispersion, the total number of households, which was about 1700 before evacuation, increased to about 3300 after the members of these households had evacuated to various sites. Only 30% of the households evacuated intact, with many moving into rental accommodation. About 10% of the residents evacuated to a site outside the prefecture. Additionally, 42.7% reported having few friends or acquaintances nearby and no real partners for communication, indicating limited availability of social support. The village lies in a mountainous farming area that supports flourishing agriculture, livestock and floriculture industries. Before the evacuation, it held regular community events favoured by women and young persons.[@R22] Following the evacuation, however, many persons became unemployed or left the village permanently, causing a loss of motivation and disintegration of the local community.[@R22] This dramatic decline in social networks caused concern about the villagers' mental health. Because evacuees living in temporary rental accommodation have fewer ties to other persons than those living in purpose-built temporary accommodation, they face a higher risk of depression.

Prior research has examined earthquakes' effects on mental health and depression in elderly persons; however, very few large-scale studies have examined elderly persons who have suffered a disaster or compared their lives before and after a disaster. Because elderly persons are particularly vulnerable in the event of a technical disaster, studying earthquakes' effect on their mental health is essential to developing effective support methodologies.

Purpose {#s1d}
-------

This study examined the incidence of depression and associated factors among elderly persons from Iitate village after the March 2011 earthquake in different living arrangements. We examined the relationship between depression status and living environment (ie, rental or purpose built) to inform the development of support methods.

Methods {#s2}
=======

Participants {#s2a}
------------

This was a prospective study, and in May 2010, a self-assessment 'Basic Checklist' (BCL) was distributed to 1611 elderly persons (aged ≥65 years) living in Iitate village. This baseline survey was conducted as a village government project to identify residents likely to require special care. There were 1277 respondents (79.3% response rate). In May 2013, a follow-up survey polled the 885 persons (69.3%) without a tendency to depression in the baseline study. The 438 respondents to this study became the subject of this study ([figure 1](#F1){ref-type="fig"}).

![Flowchart of the participants through the study.](bmjopen-2016-014339f01){#F1}

Variables {#s2b}
---------

### Outcome {#s2b1}

Depression was evaluated from 'depressive mood domain' drawn from the BCL.[@R23] BCL is a simple self-reporting yes/no survey consisting of 25 questions regarding instrumental activities of daily living (IADL, three questions), social activities (two questions), physical functions (five questions), nutritional status (two questions), oral function (three questions), cognitive function (three questions) and depressive mood (five questions).[@R24] This comprehensive questionnaire can assess the physical psychological, functional and social statues of non-disabled older adults in multiple domains. Difficulty with any question is counted as a score in the BCL, with a higher score in each domain of the checklist indicating higher risk of requiring support or care in that domain.

In depression mood domain, it asks the following questions with respect to the previous 2-week period: 'Is your life pretty full?' 'Do you still enjoy doing the things you used to do?' 'Do you think it is too much trouble to do the things you used to do?' 'Do you feel that you are a useful person who is needed by others?' 'Do you feel tired without any specific reason?' The BCL 'depression mood' is consistent with Depression and Suicide Screen.[@R26] As an index of internal consistency, Cronbach's alpha for this scale was 0.719.

### Predictors {#s2b2}

We drew information on baseline age, body mass index and disease history (ie, hypertension, heart disease, diabetes, osteoporosis or stroke) from the village health survey database.

The BCL subscales are used to assess IADL, social activities, physical function, nutritional status, oral function, homeboundness and cognitive function.[@R27] Following a scoring manual published by the Japan Ministry of Health, Labour and Welfare, we considered an item to indicate deterioration if the responses were as follows: 'physical function', ≥3 of 5 items; 'nutritional status', 2 of 2 items; 'oral function', ≥2 of 3 items; 'homeboundness', 1 of 1 item; and 'cognitive function',  ≥1 of 3 items. In addition to this, IADL scores are calculated as 0 (poor) to 3 (favourable), and social activities is considered as 'deterioration' when ≥1 of 2 items applied.

We identified where evacuees were living during the follow-up survey from the village residents' register. Most evacuees were living in purpose-built accommodation (nine sites in Fukushima Prefecture), prefecture-rented temporary accommodation, nursing homes or hospitals. Excluding evacuees in nursing homes or hospitals, we distinguished between 'purpose-built accommodation' and 'rental accommodation'. Because evacuees living in rental accommodation have fewer ties to other persons than those living in purpose-built temporary accommodation, they face a higher risk of depression.

Statistical analysis {#s2c}
--------------------

In the follow-up survey, items assessing 'depressive mood' were defined as examining 'presence of depression tendency' (PDT), and the responses were sorted into PDT and non-PDT groups. To examine differences in risk between the two groups depending on demographic variables, IADLand BCL, we used the χ^2^ test for categorical variables and Student's t-test for continuous variables. Then, by using the variables found to be significant in the univariate analysis as explanatory variables, gender and age as adjustment variables, and PDT as the response variable, we carried out a Poisson regression analysis. We first evaluate crude prevalence ratio (PR) at first stage, then added items found to be significant in the above univariate analysis at second stage. Finally, we added social domain to examine its effect on evacuation residence site. All statistical analyses were conducted with SPSS Statistics for Macintosh, V.19.0 software.

Ethical considerations {#s2d}
----------------------

This survey was conducted as part of a health programme of the health and welfare section of the Iitate village government. During a health examination, local government officials explained the nature of the survey and obtained the written consent of respondents. The Ethics Committee of Fukushima Medical University granted its consent (Examination No. 2609). This work was supported by JSPS KAKENHI Grant Number JP15K17296. The authors declare that they have no conflict of interest.

Results {#s3}
=======

Participant demographics {#s3a}
------------------------

The mean age of the participants, 59.8% of which were female ([table 1](#T1){ref-type="table"}), was 73.6 years (range: 66--89). By medical history, 44.5% of participants had hypertension, 8.7% had heart disease and 5.5% had diabetes. In the BCL risk assessment, 29.9% were at risk of requiring prevention or support for cognitive function, and 13.7% for homeboundness.

###### 

Univariate Poisson regression results of postearthquake depression tendency (PDT)

                                                Overall (n=438)   PDT (n=163)     Non-PDT (n=275)   p Value\*       Univariate analysis†          
  --------------------------------------------- ----------------- --------------- ----------------- --------------- ---------------------- ------ --------------
  Predisaster variables                                                                                                                           
   Age                                          Median (range)    73.6 (66--89)   74.2 (66--89)     73.2 (66--88)   0.041                  1.03   1.00 to 1.06
   Gender                                       Female            262 (59.8)‡     108 (66.3)        154 (56.0)      0.035                  1.42   1.02 to 1.98
   BMI                                          Mean±SD           24.1±3.4        24.4±3.5          23.9±3.4        0.246                  1.03   0.98 to 1.08
  Medical history                                                                                                                                 
   Hypertension                                 Yes               195 (44.5)      76 (46.6)         119 (43.3)      0.551                  1.23   0.86 to 1.77
   Heart disease                                Yes               38 (8.7)        15 (9.2)          23 (8.4)        0.861                  1.08   0.56 to 2.08
   Diabetes                                     Yes               24 (5.5)        16 (9.8)          8 (2.9)         0.004                  2.75   1.56 to 4.85
   Osteoporosis                                 Yes               11 (2.5)        5 (3.1)           6 (2.2)         0.547                  1.83   0.73 to 4.58
   Stroke                                       Yes               13 (3.0)        4 (2.5)           9 (3.3)         0.861                  1.04   0.33 to 3.31
  IADL§                                         Mean±SD           2.5±0.8         2.4±0.9           2.6±0.7         0.013                  0.74   0.60 to 0.91
  Risk as determined by Basic Checklist (BCL)                                                                                                     
   Physical domain¶                             Deteriorate       56 (12.8)       27 (16.6)         29 (10.5)       0.076                  1.47   0.86 to 2.51
   Nutrition domain\*\*                         Deteriorate       1 (0.2)         1 (0.6)           0 (0.0)         0.372                  --     --
   Oral function††                              Deteriorate       41 (9.4)        18 (11.0)         23 (8.4)        0.397                  1.12   0.63 to 2.00
   Homeboundness                                Deteriorate       60 (13.7)       27 (16.6)         33 (12.0)       0.197                  1.46   0.90 to 2.38
   Cognitive function‡‡                         Deteriorate       131 (29.9)      63 (38.7)         68 (24.7)       0.002                  1.64   1.13 to 2.38
   Social activities§§                          Deteriorate       76 (17.4)       36 (22.1)         40 (14.5)       0.050                  1.69   1.09 to 2.61
  Postdisaster variables                                                                                                                          
   Evacuation site                              Rental housing    242 (55.3)      101 (62.0)        141 (51.3)      0.037                  1.42   1.03 to 1.95
   Social activities§§                          Deteriorate       93 (21.2)       48 (29.4)         45 (16.4)       0.002                  2.63   1.76 to 3.93

\*The χ^2^ test was used for categorical variables; Student's t-test was used for continuous variables.

†Univariate analysis performed with objective (response) value taken as depression tendency occurrence=1 and non-depression tendency occurrence=0.

‡No. of persons (%).

§Range and IADL score is 0 (poor) to 3(favourable).

¶'Deteriorate' when ≧3 of 5 items apply.

\*\*'Deteriorate' when 2 of 2 items apply.

††'Deteriorate' when ≧2 of 3 items apply.

‡‡'Deteriorate' when ≧1 of 3 items apply.

§§'Deteriorate' when ≧1 of 2 items apply.

BMI, body mass index; IADL, instrumental activities of daily living; PDT, presence of depression tendency; PR, prevalence ratio.

Using data from the initial survey, we compared individuals who participated in the follow-up survey (n=438) with those who did not (n=447). By gender, 59.8% of participants and 59.3% of non-participants were female. Participants had a median age of 73.6 years (range: 66--91 years), and non-participants of 73 years (66--90 years) at baseline. Participants and non-participants had the following respective proportions of disease: hypertension, 44.5% vs 37.5%; heart disease, 8.7% vs 7.3%; diabetes, 5.5% vs 4.6%; osteoporosis, 2.5% vs 2.1%; and stroke, 3.0% vs 2.5%. All differences were not significant (p\<0.05) by the Χ^2^ test. Thus, there was no evidence of selective dropout due to poor health.

Occurrence of depression tendency and related factors {#s3b}
-----------------------------------------------------

At follow-up, 163 participants (37.2%) showed depression tendency ([table 1](#T1){ref-type="table"}). By question, 22.8% said, \"I have felt a lack of fulfilment in my daily life\"; 17.1% said, \"I have felt a lack of joy when doing things I used to enjoy\"; 30.6% said, \"I have felt difficulty in doing what I could do easily before\"; 31.7% said, \"I have felt helpless\"; and 32.6% said, \"I have felt tired without a reason\".

Significantly more of the PDT group were female (66.3% vs 56.0%; p=0.035; [table 1](#T1){ref-type="table"}). The PDT group members (mean: 74.2 years) were significantly older than the non-PDT group members (73.2 years; p=0.041). Diabetes was significantly more common among PDT group members (p=0.004). IADL scores were significantly higher among non-PDT group members (p=0.013). A significantly larger proportion of the PDT group requiring prevention or support for cognitive function (p=0.002). The groups did not differ significantly in physical function, nutritional status, oral function or homeboundness.

PDT risk increased with age (PR 1.03; 95% CI 1.00 to 1.06), female gender (PR 1.42; 95% CI 1.02 to 1.98), history of diabetes (PR 2.75; 95% CI 1.56 to 4.85) and cognitive function (PR 1.64; 95% CI 1.13 to 2.38). It was significantly reduced by IADL (PR 0.74; 95% CI 0.60 to 0.91).

Relationship between evacuation residence site and depression tendency {#s3c}
----------------------------------------------------------------------

PDT risk was significantly higher among participants living in rental accommodation than in purpose-built accommodation (crude PR 1.42; CI 1.03 to 1.95; adjusted PR 1.60; 95% CI: 1.16 to 2.20; [table 2](#T2){ref-type="table"}).

###### 

Effects of evacuation site on postearthquake depression tendency by three-stage Poisson regression model

  Factors                            First stage   Second stage   Third stage                         
  ---------------------------------- ------------- -------------- ------------- -------------- ------ --------------
  Evacuation site (rental housing)   1.42          1.03 to 1.95   1.60          1.16 to 2.20   1.51   1.09 to 2.09
  Age (1-year increase)                                           1.03          1.00 to 1.06   1.03   1.00 to 1.06
  Gender (female)                                                 1.64          1.17 to 2.31   1.59   1.13 to 2.24
  History of diabetes ('yes')                                     3.24          1.78 to 5.89   3.25   1.80 to 5.86
  IADL(one point increase)                                        0.82          0.68 to 0.98   0.85   0.71 to 1.03
  Cognitive function (deteriorate)                                1.72          1.24 to 2.38   1.75   1.26 to 2.43
  Social activities (deteriorate)                                                              1.55   1.07 to 2.23

Poisson regression analysis was performed with objective (response) values taken as PDT occurrence=1 and non-PDT occurrence=0, and significant items in the univariate analysis as adjustment variables.

IADL, instrumental activities of daily living; PDT, presence of depression tendency; PR, prevalence ratio.

By accommodation, 11.2% of participants in temporary accommodation and 18.6% in rental accommodation reported having no social activities where they lived. When social activities was added to the analysis, the risk for PDT in rental accommodation declined (adjusted PR 1.51; 95% CI 1.09 to 2.09).

Discussion {#s4}
==========

This study examined the incidence of depression and associated factors among elderly persons from Iitate village after the March 2011 earthquake in different living arrangements. We found that of the 438 respondents in the second survey, 163 (37.2%) showed depression tendency. PDT risk was significantly increased by female gender, age, history of diabetes and cognitive disorder. It was significantly reduced by increased IADL. Engagement in social activities decreased PDT risk in rental accommodation.

Changes in depression status that accompany evacuation {#s4a}
------------------------------------------------------

To assess depression tendency, we conducted a follow-up survey of 2 years after the March 2011 earthquake disaster, examining individuals who showed no depression tendency before the earthquake. We found a 37.2% incidence of depression tendency. At follow-up, we found a 43.2% prevalence of depression tendency, a 12.5-point increase on the 30.7% prevalence measured in the same group before the earthquake, which is similar to the reference pre-earthquake value in neighbouring Miyagi Prefecture (31.2%).[@R5] The result indicates an increasing depression tendency following the disaster. The proportion of affirmative responses to three of the five items examining depression tendency increased by ≥30% in the follow-up survey ('I have felt difficulty in doing what I could do easily before', 'I have felt helpless', 'I have felt tired without a reason'). This relatively large increase suggests that declining motivation, feelings of worthlessness and fatigue affected depression status.

On 31 March 2017, 19 of the 20 hamlets constituting Iitate village were reopened to habitation. However, many residents have been required to leave their chief occupations (eg, in primary production), and group and community activities were abruptly terminated following evacuation. Among all residents, 37.5% agreed with 'I feel that there is nothing pressing for me to do now, and I spend time idly' in October 2011, and 40.8% agreed in June 2012 in whole village surveys. In the latter survey, this proportion increased with age: 35.6% of persons in their 20s, 31.4% in their 40s, 41.8% in their 60s and 50.1% aged ≥70 years. Thus, the follow-up survey and the village surveys indicate that depression tendency has increased with the passage of time after the earthquake and with increasing age. Elderly persons who suddenly lost their long-term homes experienced major psychological effects, perhaps magnified by the difficulty of adapting to novel circumstances in old age. Thus, elderly persons forced to live for long periods as evacuees owing to a technical disaster require reinforced psychological support and continued contact with friends.

Depression in elderly persons is sometimes overlooked; because psychological effects are often mistaken for cognitive disorders, emphasis on their physical state tends to divert attention away from possible depression.[@R29] As such, appropriate screening needs to be made widely available. In addition, family members and friends should consult with specialist professionals if they sense physical or mental changes in elderly persons.

Relationships between site of evacuation residence and depression status {#s4b}
------------------------------------------------------------------------

Compared with villagers who were evacuated in groups to purpose-built accommodation, those who were dispersed by evacuation into rental accommodation faced a higher risk of PDT and more commonly experienced social activities decline. The addition of social activities as an adjustment variable to the multivariate regression model moderately weakened the effect of residence type; this suggests that social factors account for at least part of this result. Each cluster of purpose-built accommodation has a 'self-administration committee' and a meeting hall, and consequent interpersonal contact. Conversely, renters have few opportunities to engage with fellow villagers, and tend to have less interpersonal contact. In addition, compared with persons living in purpose-built accommodation, renters more frequently responded that they have 'no one to communicate with' (47.8% vs 24.6%). Prior studies in Japan and overseas have reported increased mortality risk, worsening physical health status and increased risk of depression among elderly people with insufficient individual and community-level social relationship.[@R16]

In 2013, the Iitate village government began a café project for renters, and began providing opportunities for interactions using methods familiar to villagers, with emphasis on promoting autonomy, using community services available before the evacuation and carried out by villagers with government support. Since 2014, the café project has become more widespread in areas where relatively large numbers of evacuees live, thus underlining the importance of providing opportunities for villagers to interact with fellow villagers. It is expected to evaluate such newly implemented projects for enhancing social activities in the village and also for gaining further scientific investigation towards improved crisis preparedness.

Nonetheless, the effect of location remained significant despite this partial interjection of social activities into scattered sites (PR 1.51; [table 2](#T2){ref-type="table"}), even when the effect of social activities was adjusted for. This suggests the involvement of other intermediate variables. This may reflect risk awareness concerning radiation at the time the evacuation order was issued. In the survey of all villagers, some complained that evacuees were placed into purpose-built accommodation later (June--August 2011) than in other municipalities, and that temporary rental accommodation could have been found more quickly; others stated that although purpose-built accommodation was available within an hour's drive of the village, they sought rental accommodation further away, reflecting awareness of the dangers of radiation. Because high-risk awareness affects depression occurrence,[@R32] awareness of the radiation risk may have contributed to postearthquake depression among the Iitate evacuees.

Factors that promote depression associated with evacuation {#s4c}
----------------------------------------------------------

Among demographic variables, female gender, a history of diabetes, decline in IADL and cognitive disorder tendency each independently affected PDT risk. In the USA, women are twice as likely as men to suffer from major depression or dysthymia, and women changing homes or cultures show higher propensity to depression than women not undergoing such changes.[@R33] The relationship between such changes and depression is likely to be similar in Japan.

Our study is consistent with research that has identified a medical history of diabetes and IADL decline as depression risk factors.[@R34] In our results, a history of diabetes was most strongly correlated with depression tendency. In a meta-analysis of 39 studies that examined diabetes and depression, 11.4% of patients with diabetes had complications of depression and 31.0% were suspected of having co-occurring depression.[@R38] Diabetes treatments include diet management, exercise and medicinal regimens; however, evacuees commonly have difficulty obtaining food, have reduced opportunities to exercise and face changes in their medicinal regimen. Situations that prevent or disrupt typical ADL appear to promote depression.[@R39] The unpredictable life of an evacuee limits individuals' opportunities to leave their homes and go outside, even to go shopping for daily necessities. Evacuation also disrupts evacuees' social networks: friends who were able to see one another in person before evacuation might now live far apart. These factors combine to complicate the process of following a diabetes treatment plan. Among patients with diabetes, depression reduces compliance with self-care (ie, diet and exercise) and worsens blood sugar management. It is therefore essential that mental health support be provided for patients with diabetes after a technical disaster.

In our initial survey, 29.9% of respondents required cognitive disorder prevention or support. This was the highest risk ascertained with the BCL. Although this value was lower than the pre-earthquake reference value in neighbouring Miyagi Prefecture (39.5%),[@R23] it was 10 points higher in the PDT group (38.7%) than in the non-PDT group (24.7%), indicating a strong relationship with depression tendency. Nonetheless, depression manifestations are similar to symptoms of early-stage elderly cognitive disorder (pseudodementia), potentially impeding differential diagnosis.[@R40] It is therefore necessary to recognise that predisaster needs for cognitive disorder prevention and support become risks for the occurrence of depression following a disaster.

Limitations and strengths {#s4d}
-------------------------

Our study has the following limitations. First, because the survey was conducted during a village-wide, government-conducted, general health check-up, residents evacuated to distant sites did not participate. Although we surmised that many residents who evacuated to areas outside the prefecture face anxieties, we were unable to examine their depression tendencies. In addition to this, because the first survey was designed by the local municipality, it did not include certain important variables related to depression such as marital status (including bereavement) and employment (including loss of job due to the evacuation). Also, the effects of the disaster including fear of exposing radiation are not included.

Nonetheless, the study used data collected before and after the disaster forced the whole village to evacuate, and the response rate was high owing to the participation of the local municipality. Therefore, the data are likely to reflect the characteristics of the affected areas and such health monitoring of evacuees can be applied in the event of a future radiation disaster in another region.
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